ABSTRACT
Introduction

36
Launched into a low-Earth orbit on June 11, 2008, the Fermi Gamma-Ray Space Telescope 37 continues providing excellent gamma-ray data for celestial sources. With significant improvement of 38 sensitivity and bandpass over its predecessors (Atwood et al. 2009 ), the main instrument on Fermi
39
-the Large Area Telescope, or LAT -enables detailed studies of time-resolved broad-band gamma-40 ray spectra of a broad range of sources, including active galaxies. As discovered by EGRET on 41 the Compton Observatory (Hartman et al. 1992; Fichtel et al. 1994) , active galactic nuclei (AGN) 42 showing strong gamma-ray emission are associated with relativistic jets, whose presence was in-43 dependently inferred from morphological and variability studies in other bands. The spectra of 44 such objects in all observable bands are well-described by broad power-law or curved distributions,
45
indicating non-thermal emission mechanisms (Böttcher 2007) . Very generally, the overall broad-46 band spectral distributions of such jet-dominated AGN, often called blazars have a two-humped shape, with the low energy (IR-UV) hump attributed to synchrotron emission of energetic electrons radiating in magnetic field and the high energy hump due to inverse Compton scattering by the 49 same electrons (Ghisellini 1989; Dermer & Schlickeiser 1993; Sikora et al. 1994 ). operation. This sample comprises 58 Flat Spectrum Radio Quasars (FSRQs), 42 BLLac-type ob-54 jects (BLLacs), two radio galaxies and four quasars of unknown type. This somewhat conventional 55 classification was based on the observed optical emission line equivalent widths and the Ca II break 56 ratio (e.g., Marcha et al. 1996) . Following the models used to describe the gamma-ray spectra ob-57 tained with previous gamma-ray observatories (e.g., Mattox et al. 1996) , the early analysis reported 58 in (Abdo et al. 2009e ) was carried out by fitting the gamma-ray spectra at energies above 200 MeV 59 using a simple power law (PL) model. This analysis revealed a fairly distinct spectral separation 60 between FSRQs and BLLacs, with FSRQs having significantly softer spectra. The boundary pho-61 ton index between the two classes was found to be Γ ≃2.2. It has been suggested (Ghisellini et al. 62 2009) that this separation results from different radiation cooling suffered by the electrons due to 63 distinct accretion regimes in the two blazar classes.
64
While adopting such a simple spectral model was sufficient to investigate the source spectral 65 hardness distribution, a PL model was clearly not the most appropriate choice for some bright 66 sources which exhibited evident breaks or curvatures in their spectra. The departure of the func-67 tional form from a PL was investigated in some detail for the bright quasar 3C 454.3 (Abdo et al. ruled out, though the importance of photon-photon pair production requires the gamma-ray emis-73 sion region to be close to the supermassive black hole. Clearly, understanding the details of the 74 spectral break is important for understanding the structure and location of the dissipation region 75 of jets in active galaxies.
76
The data first obtained with the EGRET instrument, now refined with Fermi, imply that the 77 high Galactic latitude sky emits quasi-diffuse, uniform gamma-ray background (Sreekumar et al. to the lineless BL Lac objects, as already hinted in Abdo et al. (2009e) . It is thus important to -6 -determine whether the spectral feature seen in 3C 454.3 is common in all blazars and also whether 90 it is connected to other blazar properties.
91
Here we report on the detailed spectral analysis of bright LBAS sources using data accumulated 92 over the first 6 months of the Fermi-LAT all-sky survey. In Section 2, we present the observations 93 with the Fermi-LAT; Section 3 briefly discusses the classification scheme used in this paper. Section 
Observations with the Large Area Telescope
97
The Fermi-LAT is a pair-conversion gamma-ray telescope sensitive to photon energies greater 98 than 20 MeV. It is made of a tracker (composed of two sections, front and back, with different 99 localization capabilities), a calorimeter, and an anticoincidence system to reject the charged-particle 100 background. The LAT has a large peak effective area (∼ 8000 cm 2 for 1 GeV on-axis photons in the 
108
This analysis was performed with the standard analysis tool gtlike, part of the Fermi-LAT 109 ScienceTools software package (version v9r12). The first set of instrument response functions (IRFs) 110 tuned with the flight data, P6 V3 DIFFUSE, was used. In contrast to the preflight IRFs, these
111
IRFs take into account corrections for pile-up effects. This correction being higher for lower energy 112 photons, the measured photon index of a given source is about 0.1 higher (i.e. the spectrum is softer) 113 with this IRF set as compared to the P6 V1 DIFFUSE one used previously in Abdo et al. (2009e) . 
130
The estimated systematic uncertainty on the flux is 10% at 100 MeV, 5% at 500 MeV and 131 20% at 10 GeV. The energy resolution is better than 10% over the range of measured E Break . 
169
One must keep in mind that the LBAS sample, being significance limited (TS>100 after 3 170 months of LAT operation) has an intrinsic bias such that faint sources can more easily be detected To test the constancy of the photon index, the weekly photon indices were fitted with a constant In this section we present the spectra obtained for the eight brightest representatives of the 214 four subclasses, FSRQs (Fig. 6 ), LSP-BLLacs (Fig. 7) , ISP-BLLacs (Fig. 8) , and HSP-BLLacs 215 ( Fig. 9) , ordered according to decreasing average flux. Upper limits are shown for bins associated 216 with a TS lower than 9 (significance lower than 3 σ) or with a number of source photons (predicted 217 by the model) lower than 3. The brightest FSRQ, 3C 454.3 with an average flux (E>100 MeV) of 218 2×10 −6 ph cm −2 s −1 , exhibits a pronounced break around 2 GeV, as reported in Abdo et al. (2009d) .
219
Indications for breaks between 1 and 10 GeV are observed for essentially all of these FSRQ sources.
220
This behavior is confirmed by comparing (Fig. 11 ) the flux (E>2 GeV) extrapolated from the 221 spectral distribution in the range 100 MeV <E< 2 GeV, fitted with a power-law function, with the 222 actual measured flux (obtained via a power-law fit in the E>2 GeV energy range). For all sources 223 considered, the measured flux is lower than the extrapolated flux by more than 30%. The spectral 224 properties of these sources are summarized in Table 1 , which gives also the difference in loglikelihood 225 between the BPL and PL fits, the break energy in the source rest frame, E ′ Break =E Break ×(1+z),
226
and the source gamma-ray luminosity (computed as in Ghisellini et al. 2009 ). E ′ Break lies between 227 1 A condition on the significance > 1σ, i.e. less restrictive than above, has been imposed in this analysis to minimize the effect of the instrumental bias against soft and faint states illustrated in Fig. 2. 2 The weak tendency toward softer spectra at high flux in HSP-BLLacs does not appear to be significant. and the gamma-ray luminosity (Fig. 10) .
229
The presence of a break is also clear for two of the brightest LSP-BLLacs (associated with 230 the highest luminosities, Table 2 ) in the LBAS sample, AO 0235+164 and PKS 0537-441 (Fig. 7) ,
231
while it is less apparent for the fainter ones. From the inspection of these spectra, it can already 232 be noted that the onset of the break, when present, seems to be located at higher energy than in 233 the case of FSRQs while E ′ Break lies in about the same range.
234
Some ISP-BLLacs (Fig. 8) BPL fit results, difference in logLikelihood between the two fits) are reported in Table 1 as well.
256
The two bottom left panels correspond to two of the three sources having the confidence level less 257 than 97% (the other being PKS 2022-07, whose spectrum is given in Fig. 6 ). For these two sources, 258 a break located around 10 GeV cannot be excluded.
259
The last two panels of Fig. 12 
278
The similarity of the break feature for two sources belonging to different subclasses, FSRQ and LSP-
279
BLLac, with different line strengths, seems to rule out any absorption effect in the LSP-BLLacs. input data, the calculated spectra (assuming constant exposure) are not found to exhibit significant 287 curvatures (Fig. 14) . 
Discussion
291
The trend in the observed gamma-ray photon index reported here confirms that reported earlier 292 using three months of data: FSRQs, with a gamma-ray photon index greater than 2, are softer than 
327
All blazar spectra measured by EGRET were represented with pure PL. Thanks to its improved 328 sensitivity, Fermi has revealed that the spectra of some low-energy peaked blazars display strong interpretation. This object should be a prime target for TeV instruments, opening interesting 368 perspectives for studies on EBL absorption at TeV energies given its redshift.
369
A similar behavior, although less significant, has also been found for 1ES 1959+650 (Fig. 8) 
370
and PG 1246+586, which is not included in the LBAS sample but is present in the LAT Bright 1-10 GeV range is quite unexpected, the break representing a distinctive feature of these sources.
389
The LAT has already revealed novel aspects of gamma-ray blazars and will help refine the new 390 picture that progressively emerges as more data (both in the gamma-ray and other bands) are 391 accumulated. 
